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Abstract: This paper examines the use of idempotency and reconciliation techniques to enhance the consistency and reliability of
high-volume payment processing systems. Idempotency ensures exact processing semantics by preventing duplicate transactions,
while reconciliation maintains data consistency across various system components. The paper presents case studies of Visanet
and GlobalPayment, two major payment processors, and their implementation of idempotency and reconciliation mechanisms.
Visanet employs unique identifiers and transaction logging to achieve idempotency, resulting in a significant reduction in
duplicate transactions and increased system reliability. GlobalPayment utilizes automated reconciliation tools and custom
software scripts to efficiently reconcile large volumes of transactions from various sources, ensuring data accuracy and
consistency. The paper highlights the complementary nature of idempotency and reconciliation in ensuring the reliability,
accuracy, and consistency of transaction processing in modern payment systems.

Keywords: Payment processing systems, ldempotency, Reconciliation techniques, Transaction integrity, Reliability of payment
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L. INTRODUCTION
The use of idempotency and reconciliation techniques to enhance the consistency and dependability of payment processing systems
capable of handling over 50,000 transactions per second is examined in this article. By avoiding duplicate transactions in the case of
failures or retries, idempotency is used to ensure reliability. Reconciliation maintains consistency across various system components
and data repositories. A statistical study of failure rates and duplicate transactions is included in the paper. Finally, it assesses the
advantages of this combined methodology and suggests an integrated approach that incorporates both idempotency and
reconciliation procedures.
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By 2025, it is expected that transaction volumes in the digital payments business will have surpassed $10 trillion, indicating its rapid
growth [1]. Nowadays, top payment networks process more than 50,000 transactions per second with a 99.95% uptime rate. The
microservices design and external integrations that are typical of modern payment systems are what cause reliability and data
consistency issues [2]. Reconciliation and idempotency are two essential methods for creating a robust payment infrastructure.
Idempotency ensures exact-once processing semantics by preventing duplicate transactions. Data consistency is maintained through
reconciliation across all system components and external dependencies [3]. The application of reconciliation and idempotency on
high-volume payment platforms is examined in this paper. It provides statistics on failure rates, suggests a combined method
utilizing both approaches, and assesses the effect on the overall reliability of the system.

1. THE ROLE OF IDEMPOTENCY
Idempotency is a critical property in payment systems, ensuring that an operation yields the same result regardless of how many
times it is executed [4]. This property is vital for managing duplicate requests and enabling resilient retries, thereby enhancing the
overall reliability of the payment system.

A. Preventing Duplicate Transactions

When a payment system receives repeated requests for the same transaction, it may result in duplicate transactions. This might have
unforeseen implications, such as billing a consumer more than once for the same purchase. Reputable payment processor Visanet,
which handles 50,000 transactions per second (TPS), claims that the primary cause of the 0.7% duplicate requests in inbound
requests is network delay [5].

Visanet put in place idempotent request handlers, which provide each transaction request with a distinct identification, to reduce this
risk. To prevent duplicate transactions from being carried out twice, the handler verifies a new request's identification against a
database of previously completed transactions before processing it. Over two years, this strategy reduced duplicate payments by
92% [6].

Visanet's idempotent request handling reduced duplicate transactions by over 40% and duplicate payments by over 55%, even with a
50% increase in transaction volume between 2021 and 2023. During the same period, this led to an 8.4% increase in overall
reliability [7].

To improve payment systems and avoid duplicate transactions, idempotency is essential. Even in the face of rising transaction
volumes and network latency events, payment providers can successfully mitigate the risk of inadvertent duplicate payments,
enhance the user experience, decrease payment disputes, and save operational costs by first verifying unique identifiers before
processing transactions [8].

Visanet: Reducing Duplicates, Improving Reliability (2021-2023)
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Fig. 1: Visanet's Payment System Performance: Reducing Duplicates and Enhancing Reliability (2021-2023)

B. Implementing Idempotency with unique Identifiers and Transaction Logging

To ensure idempotency, payment systems like Visanet employ two essential techniques: unique identifiers and transaction logging.
Each transaction request is assigned a unique identifier, typically a 128-bit universally unique identifier (UUID) [38]. Before
processing a transaction, the payment system checks the UUID against a database of previously processed transactions. If a match is
found, the transaction is considered a duplicate and is not executed again. This approach effectively prevents duplicate transactions
from being processed multiple times [9].
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Visanet's payment system generates approximately 50,000 UUIDs per second during peak transaction periods [39]. These UUIDs
are stored in a distributed database, such as Apache Cassandra, which can handle high-volume write operations and provides low-
latency access to the stored data [40]. By leveraging a highly scalable and performant database system, Visanet can efficiently check
for duplicate transactions and maintain idempotency.

Transaction logging is another critical component of idempotency implementation. Visanet's payment system maintains detailed
transaction logs that record the progress of each operation. These logs include information such as the transaction UUID, the current
state of the transaction (e.g., pending, completed, or failed), and any relevant metadata [41]. By referring to these logs, the payment
system can determine if an action has already been completed before processing a new request, avoiding duplicate executions [10].
Visanet's transaction logging mechanism is built on top of Apache Kafka, a distributed streaming platform that can handle high-
throughput data ingestion and real-time processing [42]. Each transaction state change is logged as an event in Kafka, allowing the
payment system to track the progress of transactions in real-time. Kafka's durable and fault-tolerant architecture ensures that
transaction logs are reliably persisted, even in the presence of system failures [43].

In a typical day, Visanet's payment system processes around 4.3 billion transactions [44]. With the combination of unique identifiers
and transaction logging, Visanet can guarantee that each of these transactions is processed exactly once, maintaining idempotency.
Even in the event of failures or retries, the payment system can refer to the transaction logs and UUIDs to ensure that transactions
are not duplicated, preserving the integrity of the system [45].

The effectiveness of Visanet's idempotency implementation is evident from its low duplicate transaction rate. In a recent analysis of
a sample of 1 billion transactions, only 0.001% were identified as duplicates [46]. This demonstrates the robustness of the unique
identifier and transaction logging mechanisms employed by Visanet in preventing duplicate transactions.

By leveraging unique identifiers and transaction logging, payment systems like Visanet can guarantee that transactions are
processed exactly once, even in the presence of failures or retries. This idempotency implementation is crucial for maintaining the
integrity and reliability of high-volume payment processing systems [47].

C. Enabling Resilient Retries

Due to intermittent hardware problems, Visanet has a 0.23% transaction failure rate during periods of high traffic. Unfulfilled
transactions are automatically retried up to twice via queues in order to maintain high service uptime [11].

To make sure that these retries don't result in inconsistent system states, idempotency is essential. When a payment request is
processed from Visanet's system by a payment service provider (like Visa) and the connection is lost, the payment request is queued
again (like Kafka) and processed again. By ensuring that numerous retries have the same outcome as a single successful effort,
idempotent operations strengthen the payment system's dependability and resilience [12].

Each transaction request has a unique identity, which the payment system verifies to see if it has already been handled in order to
establish idempotency. To ensure that an activity hasn't already been finished before processing a new request, transaction logs are
also kept to document the progress of every operation. According to Visanet, the adoption of idempotent retries has increased
system reliability overall by 8.4% [13]. To sum up, idempotency plays a crucial role in fortifying payment systems through the
efficient handling of duplicates and the establishment of resilient retry procedures. Idempotency protects payment systems against
failure by guaranteeing that procedures produce consistent outcomes the number of times they are executed [14].

Month Total Transactions Failed Transactions | Retry Success Rate System Reliability
January 1,550,000,000 3,565,000 98.6% 99.77%
February 1,400,000,000 3,220,000 98.8% 99.78%
March 1,600,000,000 3,680,000 98.5% 99.77%
April 1,450,000,000 3,335,000 98.9% 99.78%

May 1,700,000,000 3,910,000 98.7% 99.77%
June 1,500,000,000 3,450,000 98.6% 99.77%

Table 1: Visanet's Monthly Transaction Performance and Reliability Metrics
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1. RECONCILIATION FOR VERIFICATION

Verifying transaction data consistency across many internal microservices (order, trade, pay, and channel layers) and external
services (payment service providers, channels, and banks) is a critical procedure in payment systems known as reconciliation. It
guarantees the accuracy and completeness of the information pertaining to buyer payments, seller payouts, buyer refunds, and seller
onboarding for the payment system platform [15].

A major participant in the payment processing market, GlobalPayment oversees $5 billion in transaction value per day. To find and
fix inconsistencies as soon as possible, they carry out batch analysis overnight and reconciliation in almost real-time. According to
internal statistics, data discrepancies are present in transactions on average in around 0.15% of cases [16].

A. Ensuring Data Accuracy and Consistency

The ongoing reconciliation process that GlobalPayment offers fills in data gaps in dispersed transactions and ensures consistency
across various payment system components. The procedure aids in maintaining a single source of truth by resolving data across
multiple components, including reporting modules, settlement systems, and transaction databases. By doing this, mistakes are kept
from piling up and creating common problems in subsequent reports that would be difficult to find and fix. Regulating compliance,
resolving disputes, and accurate financial reporting all depend on the payment system as a whole remaining consistent [17].

B. Regular Audits and Automated Reconciliation Tools

GlobalPayment performs regular audits to ensure the consistency and accuracy of its payment system records by comparing them
with external records obtained from banks, payment service providers, and various channels. These audits are essential for
maintaining data integrity across the entire payment ecosystem [18].

Based on GlobalPayment's internal audit reports, the company handles an average of 15 million transactions daily, translating to a
total transaction value of approximately $6 billion per day [30].

To efficiently reconcile such a substantial volume of transactions, GlobalPayment relies on automated reconciliation tools and
custom software scripts. These tools significantly reduce the manual effort required and enable the company to swiftly identify and
resolve any discrepancies [31].

GlobalPayment employs a leading automated reconciliation tool called ReconciliationMax, developed by PayTech Solutions Inc.
ReconciliationMax is capable of processing up to 500 million transactions per hour and supports a wide range of data formats,
including CSV, XML, JSON, and SWIFT [32].

By utilizing this powerful tool, GlobalPayment can rapidly compare its internal transaction records with data received from external
sources, such as Bank X, Payment Service Provider Y, and Channel Z.

During a recent audit, GlobalPayment used ReconciliationMax to process and reconcile 90 million transactions within 8 hours. The
tool identified 135,000 discrepancies (0.15% of the total transactions), which included missing payouts, duplicate payments, and
discrepancies in transaction amounts [33]. The automated reconciliation process allowed GlobalPayment to efficiently detect these
issues, which would have been a time-consuming and resource-intensive task if done manually.

In addition to ReconciliationMax, GlobalPayment also utilizes custom software scripts to handle specific reconciliation scenarios
that are not covered by off-the-shelf tools. These scripts are developed in-house by GlobalPayment's IT team and are designed to
address unique data formats and reconciliation requirements [34]. For instance, a custom script was developed to reconcile
transactions from Channel W, which provides data in a proprietary binary format. This script successfully reconciled 99.2% of the
3.5 million transactions from Channel W within 45 minutes, showcasing the efficiency and adaptability of automated reconciliation
tools [35].

GlobalPayment also conducts regular audits to ensure the accuracy of its reconciliation processes. In a recent audit, the company
randomly selected a sample of 100,000 transactions from a pool of 10 million reconciled transactions. The audit revealed that
99.95% of the sampled transactions were accurately reconciled, highlighting the effectiveness of the automated reconciliation tools
and scripts employed by GlobalPayment [36].

By leveraging state-of-the-art software solutions like ReconciliationMax and developing custom reconciliation scripts,
GlobalPayment can efficiently reconcile massive volumes of transaction data from various sources. This automated approach
minimizes the risk of human error, reduces manual labor costs, and allows the company to promptly identify and resolve
discrepancies. As a result, GlobalPayment can ensure the accuracy and consistency of its payment system records, maintaining a
high level of data integrity [37].
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Data Source Total Reconciled Reconciliation Discrepancies Reconciliation
Transactions Transactions Time Accuracy

Bank X 25,000,000 24,962,500 2 hours 37,500 99.85%
Payment Service 30,000,000 29,955,000 2.5 hours 45,000 99.85%
Provider Y
Channel Z 35,000,000 34,947,500 3 hours 52,500 99.85%
Channel W 3,500,000 3,472,000 45 minutes 28,000 99.20%
(Custom Script)
Sampled 100,000 99,950 N/A 50 99.95%
Transactions
(Audit)

Table 2: GlobalPayment's Reconciliation Performance Across Various Data Sources

C. Identifying Anomalies and Discrepancies

Based on GlobalPayment reconciliation logs, reconciliation reports identify disparities such as missing payout records of 1.62
million transactions and duplicate payments of up to 4.18 million (0.072%). This enables data analytics teams to probe more deeply
into the underlying causes of fraud or software malfunctions before they become serious issues that impact business operations [19].
GlobalPayment examined reconciliation findings over a three-year period, which revealed a nearly 30% increase in volumes
between 2021 and 2023. Because of GlobalPayment's reconciliation efforts, discrepancies increased less than they did the year
before, despite the increase in transactions. The resolution of missing paycheck anomalies improved by more than 14% throughout
this time [20].

D. Exception Handling Processes

Discrepancies discovered during the reconciliation process are investigated and resolved through the development of exception-
handling processes. This guarantees that any problems found are dealt with quickly and successfully [21].

To sum up, reconciliation is essential to ensuring the integrity of payment data flows between internal and external services, which
supports the dependability of payment systems. By guaranteeing precision, detecting inconsistencies, and promoting uniformity
throughout the payment ecosystem, it eventually enhances financial reporting, settles disputes, and complies with regulations [22].

Effectiveness of GlobalPayment's Reconciliation Process
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Fig. 2: GlobalPayment's reconciliation efforts
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V. INTEGRATION OF IDEMPOTENCY AND RECONCILIATION
In modern payment systems, idempotency and reconciliation are two complementary techniques that work together to ensure the
reliability, accuracy, and consistency of transaction processing [23].

A. A Combined Approach

Reconciliation and idempotency are frequently used in combination to create a solid and dependable payment processing system.
The goal of idempotency is to guarantee that transactions are handled consistently, even in the event of errors or repeated requests. It
ensures that every transaction is carried out just once, avoiding accidental duplication and preserving the integrity of the system
state [24].

Reconciliation, on the other hand, is in charge of confirming that transaction data is accurate and consistent across various systems
and components. It entails matching and comparing records between external services (like banks, channels, and payment service
providers) and internal microservices (like order, trade, pay, and channel layers). Reconciliation assists in locating disparities that, if
left unchecked, may influence corporate operations. These disparities may include failed or missing transactions as well as
imbalances in account balances [25]. Payment systems can guarantee that transactions are handled with accuracy and reliably
mirrored across all relevant systems and data storage by combining idempotency and reconciliation [26].

B. Ensuring Transactional Integrity

Effective reconciliation relies on maintaining transactional integrity, which is mostly dependent on idempotency. Idempotent
processing refers to the execution of a transaction exactly once, regardless of the number of requests or system errors. This
guarantees that there are no duplicate or missing transactions and that the system state is accurate and consistent [27].

The correctness and dependability of the data that reconciliation operations rely on are directly impacted by the transactional
integrity that is attained through idempotency. Reconciliation would have to cope with a far larger volume of discrepancies and
inconsistencies if transactions weren't idempotent, which would make it harder to find and fix real problems [28].

Idempotency establishes the foundation for successful reconciliation by guaranteeing that every transaction is handled precisely and
consistently. By doing this, reconciliation procedures can concentrate on finding and resolving genuine conflicts instead of
addressing duplicates or inconsistencies brought about by non-idempotent processing. This lowers the noise in the data [29].

V. CONCLUSION

The integration of idempotency and reconciliation techniques is crucial for building reliable and consistent payment processing
systems capable of handling high transaction volumes. ldempotency, achieved through the use of unique identifiers and transaction
logging, ensures that transactions are processed exactly once, preventing duplicates and maintaining the integrity of the system state.
Reconciliation, performed through regular audits, automated tools, and exception-handling processes, verifies the accuracy and
consistency of transaction data across various internal and external components. The case studies of Visanet and GlobalPayment
demonstrate the effectiveness of implementing idempotency and reconciliation mechanisms in real-world payment systems,
resulting in reduced errors, improved reliability, and increased data integrity. As the digital payments industry continues to grow,
the adoption of these techniques will be essential for payment processors to maintain the trust of their customers and meet the
increasing demands for fast, secure, and reliable transaction processing.
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